An analysis of Anisotropy of Magnetic Susceptibility was done on Aptian-14 Albian sediments from the Basque-Cantabrian basin. Thirty-nine sites were collected 15 from the halokinetic sequences of the Bakio, Bermeo, Guernica and Mungia diapirs; 28 16 sites were sampled close to diapirs and 11 sites far from the diapir edges. The magnetic 17 foliation is parallel to bedding, suggesting it reflects depositional and compaction 18 processes, whereas the orientation of magnetic lineation varies. Far from the diapir 19 edges, the magnetic lineation is interpreted as being related to the regional Pyrenean 20 compression. Close to diapir edges, the observed behaviour shows that diapirs, 21 predominantly formed by rigid ophites, have acted as buttress forming shadow areas at 22 their northern faces protected from the Pyrenean compression. The high sensitivity of 23 AMS allows considering it a very useful tool to distinguish deformation in halokinetic 24 sequences related to diapir growth and/or subsequent compression. 25 26
The full characterisation of strata adjacent to salt structures is fundamental in 31 exploration and exploitation of geologic reservoirs, despite they often appear hidden in 32 seismic lines and good outcrop examples are scarce. Deformation studies in these strata 33 have been mostly based on the analysis of mesoscale structures from outcrop examples 34 (e.g. Rowan et al., 1999 Rowan et al., , 2003 ; Giles and Rowan, 2012; Hearon et al., 2015; Poprawski 35 et al., 2014; Alsop et al., 2015 Alsop et al., , 2016 . In this work, we propose the use of the 36 Anisotropy of Magnetic Susceptibility (AMS) to analyse the deformation of salt-related 37 synkinematic strata. This use is important since it can give information even in absence 38 of strain markers and/or poorly developed mesoscale brittle structures. It can be also 39 applied to subsurface diapirs as AMS data can be reoriented to geographic coordinates 40 using paleomagnetic data. 41 AMS represents a powerful tool for geologists, as it gives information related to 42 the petrofabric of rocks. In structural studies, it represents a recognised indicator of 43 deformation (e.g. Hrouda, 1982) , even in very subtle deformed rocks which lack strain 44 markers (e.g. Kissel et al., 1986) . Applied to salt tectonics, AMS data obtained from 45 rocks outcropping in the interior of salt structures can give information in relation to 46 4 of a thick bed of breccias with irregular base above marls occurred during syn-diapiric 80 drape folding (Fig. 3) . 81 82 Sampling and laboratory analysis 83 84 Thirty-nine sites (6 to 12 cores per site) of Aptian-Albian marls, marly limestones, 85 fine sandstones and lutites were analysed by means of low-field AMS measured at room 86 temperature. All sites were collected from halokinetic sequences related to the Bakio, 87
Bermeo, Guernica and Mungia diapirs (Fig. 2) . Twenty-eight sites were sampled close 88 to diapir edges (sites located less than 1 km from the diapir walls except sites BK15 and 89 BK59 situated between two diapirs and further from their walls, and considered related 90 to Bermeo diapir) and 11 far from that ( Table 1 ). The AMS analysis was done using a 91 KLY3 from Zaragoza's University. Data were processed using Anisoft 4.2 (Chadima 92 and Jelinek, 2009) to obtain the directional and tensor data (where K max , K int and K min 93 are the maximum, intermediate and minimum principal axes of the magnetic ellipsoid, 94 respectively) and the parameters defined by Jelinek (1981), the corrected anisotropy 95 degree Pj and the shape parameter T, ranging from -1 (prolate ellipsoid) to +1 (oblate 96 ellipsoid). 97
Low-temperature AMS (LT-AMS) of 5 representative sites (6 samples per site) 98 was measured to analyse the contributions from paramagnetic and ferromagnetic (s.l.) 99 minerals to the total AMS and assess the significance of the low-field AMS. This was 100 measured following the method proposed by Parés and van der Pluijm (2002) . The bulk magnetic susceptibility (Km) of the studied rocks ranges from 50 to 117 412 x 10 -6 SI (Table 1) . Most magnetic ellipsoids are oblate and the corrected 118 anisotropy degree Pj is low (Pj≤1.1), typical of weakly deformed sediments. A 119 significant correlation between Pj and lithology is observed, showing variable Pj values 120 in a wider range between 1 and 1.1 in marls and fine sandstones, and values between 1 121 and 1.03 in marly limestones ( Fig. 4) . Km, Pj and T parameters do not show any 122 significant variation related to distance of sites to diapir edges ( Fig. 4) . The good correspondence between axes of LT and RT-AMS magnetic ellipsoids 144 corroborates the dominance of paramagnetic minerals to the total AMS ( Fig. 7) , as LT-145 AMS amplifies the contribution of paramagnetic minerals (Parés and van der Pluijm, 146 2002). Most magnetic ellipsoids show a well-defined magnetic foliation parallel to 147 bedding with K min grouped and perpendicular to bedding. The magnetic lineation, 148 defined by K max , is contained in the bedding plane in most sites (Table 1) , but five sites 149 do not have a well-defined magnetic lineation (sites BK01, BK10, BK20, BK54 and 150 BK55; where e 12 >45º). Site BK03 presents a prolate magnetic ellipsoid and a magnetic 151 foliation that does not coincide neither with bedding nor cleavage (see Fig. 3 ) and has 152 been discarded for further structural interpretations. 153
In sites located far from the diapir edges, the magnetic lineation shows a 154 dominant WSW-ENE to E-W orientation. Close to diapir edges, however, the 7 orientation of the magnetic lineation varies strongly depending on site location (Figs. 8 156 and 9). In the southeastern edge of the Bakio diapir, the magnetic lineation is oriented 157 parallel to the diapir walls ( Fig. 9 ); it shows a preferred NE-SW orientation in sites 158 located in the northern sector of its eastern edge and an ENE-WSW orientation in sites 159 The magnetic foliation of all sites, except for site BK03, is parallel to bedding 177 and has been interpreted related to depositional and compaction processes. On the 178 contrary, the orientation of the magnetic lineation varies through the studied area and 179 has been interpreted as controlled by tectonic processes. Far from the diapir edges, the 180 magnetic lineation shows a WSW-ENE to E-W trend ( Fig. 8 ). We interpret it as related 181 to the N-S Pyrenean compression. This interpretation is justified as a cleavage 182 associated with the Pyrenean orogeny is observed in the studied area. Formation of 183 cleavage and/or incipient cleavage is able to reorient a previous magnetic fabric (Soto et Close to the diapir edges, two different types of behaviour are observed ( Fig. 9 ). 190
Sites located on the southern sides of diapirs show a magnetic lineation parallel to the 191 diapir walls. We interpret the magnetic lineation observed at the southern walls 192 associated to the Pyrenean compression stresses deviated around the diapirs. These 193 diapirs are mainly composed of hard subvolcanic rocks (ophites) that act as a buttress 194 hinding the northward propagation of deformation and producing stress perturbations 195 able to reorient the magnetic lineation parallel to the diapir walls ( Fig. 9 ). On the 196 northern sides of diapirs, however, the magnetic lineation is either perpendicular/highly 197 oblique to the diapir walls or could not be defined. In this case, we interpret the 198 magnetic lineation associated to the outer-arc extension occurred during salt rise (e.g. 199
Giles and Rowan, 2012) (see Fig. 10 ). Magnetic lineation in extensional scenarios 200 coincides with the stretching direction (e.g. Mattei et al., 1997), therefore, it is expected 201 that outer-arc extension related to salt rise also orients the magnetic lineation parallel to 202 the extensional direction which would be perpendicular to the salt wall ridge (Fig. 10) . 203
The occurrence of sites without defined magnetic lineation and with magnetic lineation 204 acquired during Mesozoic diapir growth points to the existence of areas ("shadow 205 area") protected from the subsequent Cenozoic Pyrenean compression at the northern 206 edges of the diapirs due to the presence of rigid ophites ( Fig. 9 ). This work highlights 207 the potential of AMS studies applied to halokinetic sequences to characterise their 208 outer-arc deformation and so, identifying the trend of the diapir edges. It also indicates 209 that caution is required in interpreting magnetic lineations from halokinetic sequences if 210 subsequent tectonic events are present. BK28 BK57 Pyrenean regional shortening direction Pyrenean regional shortening direction
